The production of some bacteriocins by lactic acid bacteria is regulated by induction peptides (IPs) that are secreted by a dedicated secretion system. The IP gene cbaX, for carnobacteriocin A production by Carnobacterium piscicola LV17A, and a presumptive IP gene (orf6), associated with the genetic locus for enterocin B production in Enterococcus faecium BFE 900, were fused to the signal peptide of the bacteriocin divergicin A from Carnobacterium divergens LV13 to access the general secretory pathway. The culture supernatants of C. piscicola UAL26 and Lactococcus lactis MG1363 containing either of these constructs were used to induce bacteriocin production by Bac 3 cultures of C. piscicola LV17A or E. faecium CTC492. The cbaX fusion product induced bacteriocin production by Bac 3 C. piscicola LV17A, but the orf6 fusion product did not induce bacteriocin production by E. faecium CTC492. This represents a relatively simple method of confirming the role of presumptive IPs. The transformation of C. piscicola LV17A with the CbaX gene under expression of the P32 promoter from L. lactis resulted in constitutive production of bacteriocin by either the dedicated transport apparatus or the general secretory pathway. ß
Introduction
Bacteriocins of lactic acid bacteria (LAB) may be constitutively produced or a regulated phenotype that depends on cell density [1^3] . Regulated production of some class II bacteriocins by LAB occurs by a three-component regulatory system consisting of an induction peptide (IP), a histidine protein kinase and a response regulator [1, 2] . Because IPs generally lack antimicrobial activity [2] and they are produced in low concentrations, they are di¤cult to purify. IPs are usually identi¢ed after genetic analysis by the costly and time-consuming process of chemical synthesis of the mature IP molecule and its use in induction experiments. Bacteriocin IPs are produced with a double-glycine-type leader peptide that directs secretion by the dedicated bacteriocin secretion apparatus [1, 4] . In this study, fusion constructs of the signal peptide of the bacteriocin divergicin A [5] and CbaX or Orf6 were prepared to enable these peptides to be produced by the general secretion pathway. CbaX is an IP required for the production of carnobacteriocin A (CbnA) by Carnobacterium piscicola LV17A [6] . Orf6 was observed in the genetic locus for enterocin B (EntB) production in Enterococcus faecium BFE 900 [7] . It encodes a peptide with the characteristics of an IP but its involvement in bacteriocin production has not been established [7] . EntB production by E. faecium BFE 900 is constitutive; hence, the e¡ect of Orf6 on bacteriocin production was studied using strain E. faecium CTC492, because EntB production is regulated in this strain [8] . Use of the fusion constructs would result in a simple and less expensive method to identify and determine the role of IP and putative IP genes. In addition, the e¡ect of expressing the cbaX gene constitutively on bacteriocin production by C. piscicola LV17A was examined.
Materials and methods

Bacterial strains, plasmids and culture conditions
The bacterial strains and plasmids used in this study are listed in Table 1 . The bacterial strains were grown as described previously [6, 7] . Antibiotics were added to growth media when appropriate as follows : erythromycin (200 Wg ml 31 ) and ampicillin (150 Wg ml 31 ) for Escherichia coli and erythromycin at 5 Wg ml 31 for LAB.
DNA isolation and manipulation
Large scale and small scale plasmid DNA isolations from E. coli and LAB and chromosomal DNA isolations from E. faecium BFE 900 were done by established techniques [7] . DNA fragments were recovered from agarose gels with the QIAEXII (Qiagen) kit and restriction enzymes and T4 DNA ligase were used as recommended by the suppliers. DNA manipulations and cloning were done as described by Sambrook et al. [9] . Competent cells of E. coli and LAB were prepared and transformed as previously described [7] . Where appropriate, DNA was sequenced bidirectionally [7] .
Bacteriocin activity assays
The bacteriocin activity of C. piscicola LV17A or E. faecium CTC492 cell-free culture supernatant was assayed against CbnA-sensitive strain C. piscicola LV17C and EntB-sensitive strain Lactobacillus sakei DSM 20017 [6, 7] . When appropriate, these indicator strains contained were transformed with plasmid pMG36e (Table 1) to confer erythromycin resistance.
Construction of plasmids
The IP gene cbaX was ampli¢ed from plasmid pCF01 [6] by polymerase chain reaction (PCR) using the primers CFMB-01 and -02 that contained restriction enzyme sites XbaI and PstI (Table 2) . DNA was ampli¢ed and cloned into pUC118 for sequencing to con¢rm the ¢delity of the pMG36e containing cbaX under expression of P32 promoter this study pCFMB02 pRW19e containing dvnA signal peptide : :cbaX PCR fusion product [10] , this study pCFMB03 pRW19e containing dvnA signal peptide : :orf6 PCR fusion product [10] , this study a German collection of microorganisms and cell cultures. reaction. Plasmid pCFMB01 was created by cloning the PCR fragment encoding CbaX into the XbaI and PstI restriction enzyme sites of pMG36e under the control of the P32 promoter (Table 1 and Fig. 1 ). The parts of the genes encoding mature CbaX or Orf6 were fused behind the divergicin A (DvnA) signal peptide gene by methods similar to those previously described [7, 10] . Primers CFMB-02 and -03 (Table 2) were used to amplify the part of the gene encoding the mature CbaX with pCF01 as template. Primers CFMB-04 and -05 (Table 2) were similarly used to amplify the part of the gene encoding mature Orf6 using pCMAP02 (Table 1) as template. Thus, primers CFMB-03 and -04 created in-frame fusions of the DvnA signal peptide and CbaX and Orf6, respectively. The PCR products were cloned into the PstI^Hin-dIII sites of pUC118 and sequenced to con¢rm the ¢delity of the PCR reaction. The PCR amplicons were excised from pUC118 and cloned into plasmid pRW19e (Table  1) using HindIII and KpnI [10] to displace the part of the DvnA structural gene that encodes mature DvnA and the DvnA immunity gene [10] . Plasmid pCFMB02 contained the dvnA signal peptide : :cbaX fusion, while plasmid pCFMB03 contained the dvnA signal peptide : :orf6 fusion (Fig. 1 ). Plasmids were transformed separately into Lactococcus lactis MG1363 and C. piscicola UAL26.
Homologous and heterologous expression of IPs and induction tests
C. piscicola LV17A and E. faecium CTC 492 each containing pMG36e were diluted to 10 36 in 5 ml of APT to eliminate bacteriocin production (Bac 3 ). Bacteriocin induction was tested with 1% of heat-treated (100³C for 5 min) supernatant of C. piscicola UAL26 or L. lactis MG1363 containing either pCFMB02 or pCFMB03 added to 5 ml of APT broth with a 1% inoculum of Bac 3 culture. Cultures were incubated for 18 h at 25³C, after which cellfree supernatant was assayed for CbnA or EntB activity against the indicator strain. As a positive control, 1% of heat-treated cell-free supernatant of Bac C. piscicola LV17A or E. faecium CTC 492 was used. As negative controls, 1% of heat-treated cell-free supernatant of C. piscicola UAL26 or L. lactis MG1363 containing pMG36e was used. Plasmids pCFMB01 and pCFMB02 were transformed into C. piscicola LV17A cells to determine whether the transformants produced CbnA constitutively. The LV17A cells containing pCFMB01 or pCFMB02 were diluted to 10 39 in 5 ml of APT broth and tested for bacteriocin activity after regrowth of the culture. C. piscicola LV17A containing plasmid pMG36e was tested as a negative control as described above.
Results
Signal peptide-dependent secretion of IP
C. piscicola UAL26 and L. lactis MG1363 transformed with pCFMB02 both produced the IP as cell-free supernatants of these two strains induced bacteriocin production in C. piscicola LV17A containing pMG36e. The supernatant from a Bac culture of C. piscicola LV17A restored bacteriocin production by the Bac 3 C. piscicola LV17A culture, while the supernatant from the negative controls C. piscicola UAL26 and L. lactis MG1363 containing plasmid pMG36e did not. Bacteriocin production by Bac 3 cultures of C. piscicola LV17A or E. faecium CTC 492 could not be induced with cell-free supernatants of C. piscicola UAL26 or L. lactis MG1363 containing pCFMB03 which encodes the Orf6 peptide fused to the DvnA signal peptide. However, for the positive control the cell-free supernatant of a Bac culture of E. faecium CTC 492 induced bacteriocin production of a Bac 3 E. faecium CTC492 (pMG36e) culture.
Auto-induction of bacteriocin production at low cell density
When a bacteriocin-producing culture of C. piscicola LV17A (pMG36e) was diluted, only cultures that grew after dilution to 10 34 produced bacteriocin, whereas cultures that grew after dilution beyond 10 34 did not. In contrast, when C. piscicola LV17A was transformed with either pCFMB01 or pCFMB02 encoding CbaX preceded by a double-glycine-type leader peptide or by a signal peptide, respectively, elimination of bacteriocin production was not observed when cells were grown after dilution from 10 34 to 10 39 . This indicates that the expression of the CbaX gene by the P32 promoter resulted in constitutive production of bacteriocin. 
Discussion
The role of bacteriocin-like, secreted peptides as IPs was established for plantaricin A (26 amino acids), EntF (25 amino acids), IP-673 (19 amino acids) and CbaX (24 amino acids) by chemical synthesis of the peptide to induce production of the bacteriocins plantaricins EF and JK, enterocins A and B, sakacin P and CbnA, respectively [6, 8, 11, 12] . Previously, we produced bacteriocins by the general secretion pathway by fusing the mature part of bacteriocins to the signal peptide of divergicin A [6, 7, 10] . In this study, we showed that the same principle could be used with presumptive IPs to establish their role as IPs. Using this relatively simple genetic technique, the role of CbaX as the IP for CbnA was unequivocally determined. We also reported the presence of a possible IP gene (orf6) located close to the genes encoding EntB structural and immunity proteins in E. faecium BFE 900 [7] . Production of EntB by E. faecium BFE 900 is constitutive but in E. faecium CTC 492 the production of the same bacteriocin is regulated and induced by EntF. The fact that Orf6 did not induce EntB production in E. faecium CTC 492 indicates that this possible IP does not induce EntB in this strain. This was not unexpected because the mature Orf6 peptide showed little homology (16% identity, 48% similarity) to the mature EntF peptide (Fig. 2 ) that was previously described as the induction factor for EntB [8] . However, the possibility that induction was not observed because of poor production of the Orf6 peptide was not ruled out.
This study also shows a simple method for constitutive production of bacteriocin by expressing the IP gene cbaX by the P32 promoter in pCFMB01 and pCFMB02. The secretion of CbaX by either the dedicated bacteriocin transport proteins or the general secretory pathway lead to bacteriocin production. Constitutive production of the IP ensured a positive feedback loop and the IP could not be diluted to extinction in typical dilution studies which demonstrate regulation of bacteriocin production.
Bacteriocin-producing LAB have been suggested for use as natural or biopreservative agents to improve the safety and storage life of foods. Regulated bacteriocin production may pose a problem in biopreservation if the so-called protective' LAB cultures are inoculated at too low a cell density. Saucier et al. [3] showed that regulated bacteriocin production by C. piscicola LV17 in liquid medium occurs only when cells are inoculated at a density of 10 5 or more. In a food environment, bacteriocin production may only commence once the producer culture has reached a high cell density. Therefore, inoculating the culture at a low density may not provide the desired protective e¡ect. Our study describes a relatively simple genetic technique to prevent such cell-density e¡ects from occurring. Autoinduction of bacteriocin production can be ensured by cloning the IP gene behind a constitutive promoter and by secretion by the dedicated or general secretion pathways. 
